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Primary physico-chemical properties of the test-NPs
The primary physico-chemical proprieties of the test CeO2 NPs, ZnO NPs, and MnO2 NPs are summarized in Table S1 . Data were retrieved from official reports (JRC64075, 2011 , JRC89825, 2014 and from the literature (Dogra et al., 2016) , supplemented with data performed at the NERC Facility for Environmental Nanoscience Analysis and Characterisation (FENAC, Birmingham, UK) . The description of the methods used and more details about the results obtained are reported below.
Table S1. Primary physico-chemical proprieties of the test CeO2 NPs, ZnO NPs, and MnO2 NPs. Data reported in italics were obtained from the characterization programme carried out at the NERC Environmental Nanoscience Facility (FENAC, Birmingham, UK); those reported in regular font were retrieved from the official reports and the literature. 0.86 ± 0.08 (Ce 4+ ) in DIW;
CeO2 NPs
1.21 ± 0.1 (Ce 3+ ) in ASW (Dogra et al., 2016) Primary structure (TEM)
TEM-samples were prepared by drop deposition: 30 µL of the sample was deposited onto the carbon film supported by a 200 mesh copper TEM-grid (Agar Scientific). The grids were covered and left to stand for 1 h, and the drop of sample was topped up to prevent drying, if required. The residual liquid was wicked onto absorbent paper, and the TEM-grids were washed four times by immersion in separate 25 mL tubes of DIW for 30 secs, and dried overnight. Size and shape of NPs were characterized on a JEOL 1200EX TEM, using 80 keV electron generation. Images were acquired at 30,000, 50,000 and 100,000 times magnification.
Surface area (BET)
Surface area measurements were carried out using a Beckman Coulter SA31000 Surface Area Analyser (BET). Duplicate measurements were carried out on the nanomaterial. The weights of clean, dry sample tubes were recorded, and the nanomaterial was introduced into the tubes. The tubes were fitted into the BET ports for drying the sample, and the material was dried at 150°C for 180 mins under flowing helium gas, and the tube cooled to room temperature.
The dried samples and tubes were weighed, and the dry sample weights were calculated. The first tube was installed in the measurement port of the BET and the bulb of the tube containing the sample was immersed in liquid N2. The tube was evacuated, then helium gas, containing different partial pressures of nitrogen was introduced into the tube. The nitrogen was adsorbed onto the surface of the powder and the instrument calculated the surface area of the powder from the drop in pressure. The measurement was repeated for the second tube.
pHIEP (electrokinetic method)
The pHIEP of the three test-NPs was determined via electrokinetic method (i.e. measurements of the zeta potential as a function of pH). The electrophoretic mobility measurements were performed through a Zetasizer Nano ZS (Malvern Instruments Ltd. Malvern, UK) operating with a He-Ne laser at a wavelength of 633 nm using back scattered light. The zeta potential values were computed through the application of the Smoluchowsky approximation.
Zeta potential was measured over a set of 200 µM NPs dispersions in 10 mM NaCl (samples' conductivity: 1.2 ± 0.1 mS cm -1 ) at different pH. The pH was decrease-increase by the addition of proper volumes of NaOH or HCl (0.1M). Replicated measurements were taken at 25°C in General Purpose mode. The applied voltage was 150V and the number of runs for each measurement was selected automatically (12 at least). The pHIEP values reported in Table S1 were obtained from the data presented in Figure S1 . The graph plots the average values of six replicated measurements of zeta potential versus the pH featuring the NPs suspensions. Figure S1 . Zeta potential of the test NPs, dispersed in 10 mM NaCl, as a function of pH. Mean and standard deviation of 6 replicated measurements of zeta potential versus pH.
Crystal structure (XRD)
The crystalline structure of test Mn oxide nanopowder (Skyspring Nanomaterials Inc, Houston, USA; 4910DX) was determined by Powder X-ray (XRD) diffraction. Powder x-ray diffraction was carried out on a Bruker D8 Advance, using copper Kα radiation, at a wavelength of 1.5406 Å, and on a Bruker D2, using cobalt Kα radiation at a wavelength of 1.788965 Å.
Measurements were carried out at room temperature with a step size of 0.02 degrees 2θ and 10 second dwell time.
Contrary to the claim of the manufacturer, who sold the material as Mn2O3, the manganese oxide nanopowder (Skyspring Nanomaterials Inc, Houston, USA; 4910DX) was identified as Mn( 4+ )O2. The automatic match was obtained with Akhtenskite synthetic (ICDD card 01-089-5171; Figure S2 A), which appeared to be the main form present and gave a good match for most peaks in both the position and the relative heights. Additionally, good correspondence with reflections from Ramsdellite, another Mn( 4+ )O2 phase, was obtained for some of the peaks. Nsutite, a mixed state oxide which is predominantly Mn 4+ (typically Mn 4+ 0.94 Mn 2+ 0.06O1.88(OH)0.12), was also identified as a possible match for some peaks (Figure S2 A) . In contrast, the presence of Mn 3+ oxide phases (i.e. Mn2O3, Mn3O4) was excluded by the lack of match with the reference patterns of Bixbyite-C syn (Mn2O3, ICDD card 00-041-1442) and
Hausmannite (Mn3O4, ICDD card 00-024-0734, 01-080-0382; Figure S2 B ). The lattice parameters and crystalline structure of Akhtenskite syn are summarized in Table S2 .
The mineral Akhtenskite (also known as ε-MnO2) is a polymorph of pyrolusite (β-MnO2, tetragonal structure, 1x1 tunnels) and Ramsdellite (orthorombic structure, 2x1 tunnels).
Akhtenskite has an electrochemical activity similar to that of γ-MnO2 (i.e. an intergrowth of pyrolusite in a ramsdellite phase with varying degrees of microtwinning, which is widely used in MnO2/Zn couple of alkaline primary batteries (Kim et al., 2006) ). The structure of these MnO2 polymorphs consists of [MnO6] octahedra with different arrangements of edge and corner sharing. According to the electrochemists community, the presence of tunnels in the crystal structure of these materials, in particular 2 x 1 tunnels, explain their high electrochemical activity (Kim et al., 2006) . For a more detailed description of ε-MnO2 refer to the research article by Kim and collaborators (Kim et al., 2006) . Figure S2 . Powder X-ray diffraction (XRD) profiles. A) XRD profiles of Skyspring Nanomaterials 4910DX manganese oxide nanopowder plotted against the peak profiles of Ramsdellite, Nsutite and Akhtenskite syn (Mn(IV)O2). Manganese_sample 1 profile is the XRD profile obtained through copper Kα radiation, at a wavelength of 1.5406 Å (Bruker D8 Advance); Manganese_sample 2 profile is the XRD profile obtained through cobalt Kα radiation at a wavelength of 1.788965 Å (Bruker D2). Data of the Manganese_sample 2 have been re-calculated to provide a direct comparison at the wavelength from the copper source used for the Manganese_sample 1. B) Powder X-ray diffraction profile of manganese oxide nanopowder (Cu Kα radiation, 1.540596 Å) plotted against the peak profiles of Mn 3+ oxides (Bixbyite-C syn, Mn2O3; Hausmannite, Mn3O4). Figure S3 . EDS spectra of Figure 1 . A) EDS spectra of figure 1C ; B) EDS spectra of figure 1D . 
TEM-EDS study of biological fate of MnO 2 NPs

Methods for the characterization of the behavior of the test-NPs
Dissolution
The extent of NPs dissolution after 24 h in DIW and ASW (24°C) was analyzed via ultrafiltration (3 KDa Microsep™ Advance Centrifugal Devices, Pall Life Sciences), followed by microwave assisted acid digestion (2 mL of sample, 1 mL of HNO3; Ethos EZ, Milestone Inc, Shelton) and elemental analysis (Inductively coupled plasma -mass spectrometry, ICP-MS; Thermo Scientific X Series 2). ASW samples were five-fold diluted with DIW before undergoing ICP- 
Cytochrome c oxidation assay
The cytochrome c (cyt c) oxidation assay was carried out according to the microplate method developed by Delaval and collaborators (Delaval et al., 2017) . In brief, 10 mg of the oxidized form of bovine heart cyt c (Sigma-Aldrich) were dissolved in 13.5 mL of 0.01 M PBS buffer.
The solution was stirred for 10 mins and the adsorbance was measured at 520, 532 and 549 nm (A520, A532, A549). Then, the cyt c was reduced by adding 5 mL of 0.05 M sodium ascorbate (Sigma-Aldrich) in 0.01 M PPB to 10 mL of oxidized cyt c. After 30 mins stirring at 4 °C, the excess of sodium ascorbate was removed by dialysis using SnakeSkin® Dialysis Tubing (3,500 MWCO, Thermo Scientific) in 0.01 M PPB (48 h dialysis at 4 °C and dark conditions; PBS solution was renewed 5 times during dialysis). Then, 50 μL of different NPs dilutions were plated into the wells of a 96-well plate, and 150 μL of reduced cyt c were added. Blank samples were also set up. The adsorbance at 520 nm (peak of the reduced form), 532 nm (valley of the reduced form) and 549 nm (peak of the reduced form) was recorded for 24 h at 1 h interval.
The relative abundance of reduced cyt c in the NPs suspensions compared to the control (δ) was computed for each time point (t(x)) according to the following formula:
where the kt(x) of each sample or reference was computed as following:
( ) = 520 + 549 − 532 520
Plasmid relaxation assay
Plasmid relaxation assay was applied as described by Dogra and collaborators (Dogra et al., 2016) . Plasmids supercoiled DNA (pBR322, Promega, Southhampton, UK) was produced in 
Hydrodynamic size of NPs in seawater
The hydrodynamic diameter of the particles in ASW was determined on a Zetasizer Nano ZS (Malvern Instruments Ltd. Malvern, UK) operating with a He-Ne laser at a wavelength of 633 nm using back scattered light. Samples were held at 20ºC for 2 mins prior to analysis to allow for particle stabilization. Ten replicate measurements were made on each sample and data are reported as means and the standard deviations of the replicates.
Results of the Cytochrome c oxidation assay carried out on CeO2 and ZnO NP dispersions in deionized water
The results of the Cyt c oxidation assay performed with ZnO NPs and CeO2 NPs dispersions in DIW excluded the ability of these test-NPs to oxidize the hemeprotein via direct electron transfer (i.e. bandgap mechanism). The plots reported in Figure S6 show that the concentration of the reduced Cyt c did not decrease over the time due to oxidation by the test NPs. 
